The purpose of this paper is to describe middle and high school science teachers' self-reported experiences learning and adopting novel optics and photonics content. The hybrid teacher professional development program design, theoretical framework, methodology, findings, and implications related to teachers' adoption decisions of optics and photonics content will be reported in the paper.
INTRODUCTION
In 2005, the founding Director of The Science House and a Director of Imhotep Academy (a STEM program) within the College of Sciences at North Carolina State University established the first photonics student outreach program, Photonics Leaders. Photonics is a branch of physics related to light, laser technology, electrical engineering, materials science, and optics. The goal of the Photonics Leaders program was to prepare underrepresented minority high school students for higher education, in general, and STEM majors, in particular by immersing students in physics content, internships, and college learning experiences. Grounded by the internal and external evaluation reports of Photonics Leaders and empirical research, the Photonics Leaders II (PL2) program was established to improve science teachers' knowledge of physics and technology.
The primary purpose of PL2 was "to cultivate a world class and broadly inclusive science and engineering workforce; and to expand the scientific literacy of all citizens" (This hybrid year-round science and technology-based program sought to expand underrepresented minority sophomore and junior students' awareness of STEM careers, requisite STEM courses, and information technology (IT) competencies by explicitly incorporating teachers and parents. PL2's program's priorities were recruitment and preparation of underrepresented minority high school students for STEM careers, transformation of teachers and parents' perceptions of how to prepare students for STEM fields, and the dissemination of curriculum products and findings to broader audiences. To facilitate student success and teacher change (professional development, the program model incorporated STEM activities and partnerships with scientists and engineers from academia, government, industry, education, and community settings into its program format to enhance teachers' knowledge of optics and photonics). The current paper will focus on the teacher professional development component of the Photonics Leaders II project, PBLTPD and middle and high school teachers' reflections of their learning and content adoption decisions related to adoptions of innovations construct of Roger's Theory of Innovation
PHOTONICS BLENDED LEARNING TEACHER PROFESSIONAL DEVELOPMENT (PBLTPD)
PBLTPD is an intensive hybrid (face-to-face and online) program for middle and high school teachers. PBLTPD's objectives are:
1. To introduce and model instructional strategies for effectively teaching photonics content, promoting awareness of STEM careers, and preparing students for the global workforce; 2. To enhance teachers' skills, knowledge, and behaviors toward teaching physics to all students, especially under-represented minority students; and 3. To document changes in teachers' classroom practices that impact students' STEM outcomes.
The program format consisted of: (a) face-to-face learning intervention comprised of an inquiry, internship, and technology component, (b) an eight-month implementation component which included teachers developing an implementation plan, implementing lessons, and reflecting on the learning experience, and (c) an online follow-up component for participants to reflect upon their learning experiences and learn new photonics problem-based learning curriculum. Each program component was purposefully designed to introduce participants to physics content, inquirybased instruction, web-based technology tools, and STEM careers. Participants were required to complete all parts of the workshop to receive a $500 stipend and to provide feedback on the impact of program interventions. In three years, the program provided professional development to 57 teachers from 30 counties and five states, North Carolina, Maryland, South Carolina, New Hampshire, and Virginia 1 1 .
ROGER'S ADOPTION OF INNOVATIONS THEORY
The process by which science teachers choose to integrate a new idea, program or approach into their classroom can be examined through Rogers's diffusion of innovation theory 2 . This framework provides an approach for investigating how participants make sense of the professional development experience and the consequences of that experience for future classroom experiences 3 . Rogers described an innovation as a new idea, practice, or object that is perceived as new by an individual or other unit of adoption (p. 12). In this study, the innovations are physics (optics and photonics) content, inquiry-based/constructivist instructional approaches, web-based learning tools, and a hybrid-learning environment. According to Rogers, uncertainty obstructs adoption of innovations. So, uncertainty must be reduced to facilitate adoption. By participating in PBLTPD, where teachers interact with the innovations and learn about the advantages and disadvantages associated with the innovation, it was hypothesized that uncertainty could be reduced. Specifically, uncertainty could be reduced by teachers' engaging in interpersonal communications through different communication channels-in the case of PBLTPD, the workshop environment for teacher learning and discourse; tours of research laboratories, interaction with experts in the field. On-site implementation planning, integration at local school site and online sessions also should facilitate diffusion because new information, ideas and strategies are communicated over channels to members in different social systems.
The innovation decision process is comprised of five stages: knowledge, persuasion, decision, implementation, and confirmation. Generally, these stages occur in a time-ordered process and are influenced by characteristics of the innovation. Using the first three stages of this model as a framework allows for the assessment of how teachers first learned about PBLTPD, what persuaded them to participate in the workshop, and what factors led them to decide to implement or not implement the research-based strategies in their classroom, or other settings.
In the persuasion stage, the potential adopters of innovations consider the relative advantages, compatibility, observability, trialability, and complexity of an innovation. During the persuasion stage, the adopter becomes "more physiologically involved with the innovation, develops a favorable or unfavorable attitude, and anticipates present and future use of innovation before overtly displaying a behavior to try it or not"
iii . The decision to adopt is influenced by the perspective adopter's assessment of the innovation with evaluation information compiled from personal experiences and peer opinions. Information is used to reduce uncertainties about the innovation. By outlining the relative advantages (the economic and social advantages of the innovation); compatibility of the innovation with existing beliefs, past experiences and potential needs of adopters; complexity (the potential adopters' difficulty in using or understanding the innovation); trialability (opportunities for potential adopters to experiment with the innovation); and observability (visible results or use in social system), the adopter decides to adopt or reject an innovation. The fourth stage, implementation, provides a lens for examining teachers' experiences using the innovations presented in PBLTPD. The fifth stage, confirmation, addresses why teachers decide to continue or not continue to teach or use PBLTPD content, inquiry-based strategies, and web-based technologies in their classroom. Generally, using Rogers's diffusion of innovation decision process will allow one to gain insight about how the attributes of the different innovations that comprise PBLTPD influenced their adoption after completing the workshop
RELEVANT LITERATURE
PBLTPD, a small-scale professional development design for science teachers integrated Darling-Hammond's elements for effective teacher professional development 4 . Table 4 .1 outlines PBLTPD program strategies were aligned with Darling-Hammond's components to establish an active and reflective learning environment for teachers to interact as learners and professionals in their professional development program and their classroom to lead to new teaching behaviors. 
Blended Learning Research
Blended learning has enhanced, challenged, and extended teaching and learning experiences of adult learners for more than 50 years 6, 7, 8 . First, it stretched industry instructor-led classes by removing the boundaries of time and location. Through training courses, it integrated options for meeting the diverse career advancement needs of professionals 7 . It also challenged traditional methods of teaching and learning by requiring that adult learners and educators use technology hardware, software, and networks in ways that enhanced accessibility, affordability, and educational needs 7, 9 . Lastly, it has enhanced the range of teaching and learning approaches with adults through the incorporation of diverse learning modalities, techniques, resources, and tools used for the investigation of educational, societal, medical, and economic problems 10, 11 .
Researchers have examined different constructs of blended learning 12, 19 . Driscoll's (2002) research, for example, examined different learning strategies for blended learning 13 . Other researchers have investigated the education outcomes of blended learning 14, 15 . Christensen (1997) examined the transformative nature of technology on adults within an organization to determine application of technology. Dzuiban, Hartman & Moskai investigated blended learning's impact in higher education, and Graham sought to discover how to best optimize blended-learning environments with the right" learning technologies and the "right" learning for the "right" person at the "right" time xi, xv .
Decades of research on blended learning have influenced adult learners. During the 1960s, blended learning began within the corporate setting, rapidly infused higher education in the 1980s, and is now gaining considerable ground in the K-12 arena 8, 15, 10 16 . Research within these sectors has shown blended learning can be effective with adult learners given certain circumstances, notably the identification of blended learning's advantages, interaction with experts who use the approach, training that presents how to use the environment and strategies, and time to use the environment and plan lessons that incorporate pedagogical, social, managerial, and technological strategies 17 .
Content Knowledge
For more than 30 years, a plethora of professional development programs initiatives have focused on increasing teachers' content knowledge and skills 18, 19 . The greatest need for in-service teacher training is content-focused professional development 20 , because for teachers to be effective they must have confidence in teaching science content before attempting to integrate different pedagogical strategies 21 . Furthermore, many high school and middle school teachers lack an understanding of light, force, and motion concepts, yet there have been only a limited number of workshops that focus on physical science and physics content for high school teachers 22 . Thus, an important goal of PBLTPD design model was to introduce middle school and high school teachers to the physics of light content, its ubiquitous applications, and its content connections.
Through a hybrid format, PBLTPD introduced teachers to the physics of light content that is often not provided in continuing education opportunities at local schools for teachers 23, 24 . While PBLTPD model focused mainly on light and optics, it also incorporated laboratory tours and field experiences with experts in physics, engineering, and technology-an experience often viewed as one of the essential elements in preparing teachers for 21st century schools, yet one that is not commonly offered through teacher professional development 24 . Also, because PBLTPD is offered in a blended learning format, this study provides insight into how using the hybrid platform relates to development of teachers' content knowledge about the physics of light.
The literature on the professional development (PD) of teachers reveals several key features of effective PD for teachers 25 . Generally, the research suggests the teachers need to know more content, how to teach the content, and what tools to teach content; it also shows the traditional methods for delivering professional development has fallen short in meeting these needs 26, 22, 23 . PBLTPD was intentionally designed to address these deficiencies and others described in the literature from three different disciplines: a) teacher education (teachers in general and science teachers in particular), b) information technology education, and c) adult education 21, 27 .
Reflection
PBLTPD implementation and follow-up components incorporated adult learning principles to support teachers' classroom implementation needs to foster the integration of new practices and teacher reflection. Darling-Hammond and McLaughlin (1995) assert that teacher reflection on their practice is necessary for teachers to integrate new knowledge and beliefs regarding content, pedagogy, and learners into their classroom 28 . Several frameworks have been used to understand teachers' learning, their implementation behaviors, and factors impacting classroom implementation 29, 30 . Guskey suggest one way to measure change in teacher practices is for teachers to document the impact of implementation on student achievement. Sandholtz and colleagues applied a three-stage process to understand teachers' adoptions of technology into their classroom in the Apple Computers of Tomorrow program. They found that teachers generally move through a survival, mastery, and teacher change plateau when adopting technology 32 .
Reflection also contributes to implementation. Schon describes teacher reflection as a reflective practice that involves thoughtfully considering one's own experiences while applying knowledge in coached settings 31 . The process by which teachers reflect can occur through one or all three types of reflection: cognitive, critical, and narrative reflection. Cognitive reflection pertains to how a teacher processes information and makes decisions. Research on teachers' cognitive reflection has focused mostly on teachers' reflection of content knowledge, pedagogical methods and theory, curriculum, and learner characteristics 23 . According to Shulman, more research is needed on teachers' reflection on teaching contexts and educational purposes, ends and aims. Critical reflection focuses on the substance that drives teachers' thinking, experiences, goals, values and social implications. Research on critical reflection has shown that it provides a basis for clarifying how teachers think about dilemmas of teaching and its social outcomes in education xxxiii . Narrative reflection refers to a teacher's interpretation of the events that occur in their particular contexts. Research on narrative reflection has provided insight on what motivates teachers' actions and the complexity of their everyday lives. Darling-Hammond and McLaughlin (1995) have documented the need for "teachers to reflect critically on their practice to fashion new knowledge and beliefs about content, pedagogy, and learners" (p. 592) 30 . To facilitate the adoption of research-based practices for instructional purposes, PBLTPD provided science teachers opportunities to reflect on their practices, pedagogical beliefs, knowledge, and experiences.
RESEARCH QUESTIONS
The research questions guiding this study are:
1 
METHODS
A qualitative, instrumental case study design was used to examine the experiences of 15 middle and high school science teachers in PBLTPD and their implementation of innovations presented in the program. The teachers taught at public, charter, and alternative schools representing school districts in nine North Carolina rural and urban counties that represent tier one, two, and three economically-distressed areas. According to Patton, the case study approach enables the researcher to investigate the why and how of decision making, not just where, what, and when 32 . Yin (2003) describes a case study as an "empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially when the boundaries between the phenomenon and context are not clearly evident" (p. 13) 33 . For this study, the instrumental case study approach was selected to understand teachers' experience in PBLTPD program and their implementation of the components post-intervention.
A semi-structured interview protocol was used to interview teachers on the telephone to gain insight about how teachers' decisions to adopt or reject an innovation introduced in PBLTPD. Interviews, on average, lasted about 45 minutes.
Program documents, implementation reflections, Elluminate session recordings, and program report data were examined as well. The data were coded using a constant comparative method to identify categories that correspond to the research questions 34, 35 .
FINDINGS
This section presents findings related to the teachers' reflections of their learning experiences and implementation efforts. Middle and high school teachers' reflections focused on content knowledge, teaching strategies, curriculum resources and materials and relevance of optics and photonics laboratory tours.
Content Knowledge
The middle and high school teachers attended PBLTPD workshop because they were seeking a more content-focused professional development that would provide them the opportunity to learn new information. They described the workshop as well-organized, fun, intensive, and informative to them as science educators.
Teachers expressed that they learned optics and photonics content that they did not know prior to participating in PBLTPD. Lynn, a high school teacher who taught physical science and a "Future Decision in Science" course, shared what she learned from the professional development:
"Well, there are a couple of different areas. One thing I learned was about the nature of photonics, how it acts as a wave and a particle, and just, I guess, the content about photonics was one thing that was very useful to me, which I alluded to in my first question. I knew it was a wave particle-I knew that, but then the many ways that is being studied and the many uses it has. So that was the first thing I learned the content."
Molly, a high school teacher with fourteen years of experience, decided to participate in the workshop because it covered the science of light, which she could add to her teaching repertoire. She described how she learned about fiber optics. In contrast, Susan, a veteran sixth grade teacher, wanted to learn more about light which is part of the sixth grade [North Carolina] Essential Science Standards, but learned not only about light but also other concepts:
"There were just so many things that I have gotten out of that workshop and put into practice in my classroom. The list really is endless, not only from what you all taught, but just talking to other teachers that were there and things that they did in their classroom. I mean I could hit some high spots like angle of reflection, you know, and things associated with that. The LCD (liquid crystal display) circuits-I use those now with the kids. Nanotechnology was something that I really couldn't have talked to my kids about at all, and now I feel like I can at least explain it to them, especially the poster that you all had there. We talk about jobs and careers for kids that, you know, they're not going to think about that I didn't know about either. Wow. Understanding how the human body perceives light and colors and other structures, all of that."
All in all, the participants' data revealed that PBLTPD provided them opportunities to learn about the basics of light, its tendencies and applications that could be used in their classrooms.
Curriculum Materials and Activities
The teachers in the study represented rural and urban school districts and varying experience with teaching optics and photonics content. The teachers discovered new curriculum materials and activities to support their use of the content in their respective classes and schools. Lynn is a high school environmental science teacher from an urban county. She shared that the materials and activities would enhance her students' understanding, especially the "Mirror, Mirror on the Wall" angle of reflection activity. Several of the teachers shared that the curriculum activities and resources introduced in PBLTPD were new, interesting, relevant, and provided practical applications for the classroom. For example, George described how the materials and activities from PBLTPD complemented his new understanding of the concepts:
"A lot of PDs-professional developments-we have at the school are one day or one hour, and that's not enough. That's not enough to really get anything out of it, and the application part of it is even tougher because you don't have time to get deep into something you just learned and you're really excited about trying it. So the photonics program offered practical applications of a lot of the concepts and activities that we were able to get and to work with the students."
Janet reported how the photonics materials and resources she acquired in the program two years ago now aligns with the new Essential Science Standards in North Carolina; she also stated that they were easy-to-implement and exciting. Janet shared:
"They [curriculum materials and activities] were new; they were exciting. Some of them, it didn't take a lot of materials. I was given a fiber optic box that has the fibers in it, and I was able to use those things that were given to me. I have a number of things that were given to me from different facilitators, so I was able to use those things in a demo. If I didn't have enough for students, I had enough to show to them and do a teacher demo, so I used those things that were given to me during that workshop. Our new essential standards now, a lot more of those things that we were doing in this workshop that I did two years ago are in the new official standards such as the bubbles interferences & the Tyndall effect. So I was able to use the labs that I did two years ago on a unit now with objectives that have changed."
Additionally, Regina claimed that the use of curriculum materials and resources related to light perception, solar cells, lenses, image formation, and problem-based learning modules with sixth graders were much needed enhancements to her unit on light traditionally taught didactically:
"I have used different activities like a bag full of objects [used to explore] how light is perceived. Some of them are easy and some of them are really hard. And, I have also used solar panels [with] different kinds of connections. So those are specifically different things that I have used and I'm still using the hands-on activities that were geared toward how light is perceived; problem-based learning module; and the hardware we were using-the lenses to see how an image is perceived."
Lastly, Paul noted how the activities and materials he acquired from the program were such great activities that he used what he could not utilize in his classroom with an afterschool program because they were relevant and would facilitate students' independent exploration and understanding of science:
"I've used it in my after-school Science Club to work with the interested students there to demonstrate a lot of information or things about light, electricity, and ideas for electronics and to give kids some hints for science fair to give ides for science fair project."
Teaching Method
Jim, a teacher from a rural under-resourced high school, discussed how his PBLTPD experience contributed to expanding his awareness of different instructional strategies for teaching waves and optics, which he believes are rather complicated concepts to teach students. He shared:
"It had been so long since I had studied anything with physics with waves and stuff, and learning some pretty-not complicated, but not simple-ideas as far as trying to get waves across to kids and dealing with optics and how to apply different ways of teaching and reflection and things like that go hand-in-hand with the actual course curriculum."
Paul also learned new approaches to demonstrate light and other concepts to school students, saying, "Well I learned some ways to demonstrate some of the characteristics of light and things that you can do with light with my kids although it doesn't work as well in our new standard course of study." Regina shared how her experience in PBLTPD provided her the confidence to use more inquiry-based teaching methods with students in her class rather than traditional lecture style approaches for her light unit. She shared the following: "I came to know different things that I could do with more hands-on learning, but earlier when I used to teach this curriculum, it was more like lecture and it was more like showing visuals, but I did not do many hands-on activities that could go with the curriculum, so attending this workshop helped me figure out."
Optics and Photonics Applications, Research, and Careers
The university and industry laboratory tours exposed the teachers to research, its future, real-world applications and STEM career information.
As Ann explained, "I think one of the most valuable things I learned is where the kids are headed." Ann also explained that the tours and interactions with physicists and engineers provided her a vision for the future of science and helped her better understand what students needed to know. Janet was especially appreciative of the opportunity to see real research because she had not had access to actual research laboratories in other professional development programs in her district."
Thomas also valued the lab tours. He shared:
"I really liked the labs course that we did and the different equipment that was available there at State for them to look at . . . Like the laser imaging and vibrational spectroscopy lab tour was really interesting. I also had a lot of fun creating the liquid crystal display pixel. That was pretty cool. But, the lab tour component was one of the most interesting experiences I had at the workshop."
Janet made remarks about the advantage of participating in a teacher professional development where she learned about real research, toured the actual laboratories, and shared her assessment:
"Well, in comparison, my school district, when we go to our professional development, we don't have a university-well, we have a university, but our university doesn't have all the different-[equipment & instrumentation]. They don't have the textile labs or the type of labs that NC State like the clean lab. They didn't have it on a broad scale. The schools there, in my local area, are very limited. So attending this workshop, I was very excited to actually go onto NC State campus and actually go into those different laboratories that are in the industry, and so in comparison, I didn't get that experience in my local schools' professional development."
CONCLUSION
Middle and high school teachers learned new content, activities, teacher strategies, career information, how to collaborate, how to facilitate collaboration in their classroom, and gained a broader awareness of web-based technology strategies by participating in the hybrid teacher professional development. Teachers experienced challenges learning in the hybrid platform. In the face-to-face learning environment, teachers experienced difficulty with the scope, volume, and depth of content, interacting in a cross-disciplined learning environment, and translating learned content for student learning.
Many middle and high school teachers used the optics and photonics content in their classrooms, professional learning communities, and in extracurricular programs, especially during and immediately after the program. The findings also revealed that teachers used inquiry-based strategies to differentiate their instruction in their classrooms, for further investigation through participating in additional professional development programs, and as an approach to support the development of their confidence with implementing the strategy. Generally, middle and high school teachers implemented content, materials and inquiry-based activities to use in their classroom for instructional purposes.
Based on Rogers's attributes of innovation theory, the most important facilitators were relative advantage, compatibility, and motivation. The prominent barriers for use of the content, inquiry-based strategies, and web-based technology from the theoretical perspective was complexity. Future research on optics and photonics teaching professional development programs with middle and high school teachers could investigate how to reduce complexity in the learning experience by extending the length of the professional development to address content, instructional, careers, and research innovation.
